Objective: To evaluate sedentary behaviour and physical activity levels in independently mobile older adults with and without dementia living in residential aged care. Methods: Sedentary behaviour and physical activity were measured in 37 residents of an aged care facility using an accelerometer worn during waking hours for five days. Results: Participants with valid accelerometer data (n = 28) spent 85% of the time sedentary, and 12% in lowintensity, 2% in light-intensity and 1% in moderate-tovigorous-intensity physical activity. Over half of sedentary time was accumulated in bouts of greater than 30 minutes. Physical activity at any level of intensity was performed in bouts of less than 10 minutes. Conclusion: Residents were highly sedentary and inactive. In particular, the short duration of each bout of activity amongst lengthy periods of sedentary behaviour was a substantial finding. The study suggests the need to develop innovative ways of breaking up sedentary behaviour in residential aged care.
Introduction
Residential aged care (RAC) is defined as a facility that provides accommodation, support and assistance with activities of daily living, as well as intensive forms of care to frail and older people [1] . According to the Australian Institute of Health and Welfare [1] , the number of people living in RAC facilities has increased over the past decade. More than half of residents have a diagnosis of dementia [2] . Common comorbidities in residents living in RAC facilities include the following: (i) functional disabilities; (ii) cognitive impairment; (iii) depression; and (iv) circulatory, musculoskeletal, endocrine and respiratory diseases [3] [4] [5] .
Sedentary behaviour is defined as 'engaging in activities at the resting level of energy expenditure range between 1.0 and 1.5 metabolic equivalents (METs) during waking hours' [6] . It has been shown to be associated with an increased risk of metabolic disease [7] , obesity [8] , social isolation [3] , cognitive and functional decline [4] and poor quality of life in older adults [5] . In aged care facilities, it has been reported that residents without dementia spend up to 85% of their waking hours sitting [9] , and are likely to remain sedentary unless encouraged to engage in physical activities [3] . The harmful effects of sedentary behaviour highlight the importance of measuring sedentary behaviour as a behaviour of interest in RAC.
Recent evidence suggests that sedentary behaviour and physical activity are independent predictors of health outcomes [10] . Participation in physical activity has clear physiological, psychological and social benefits for older people. These benefits include improving quality of life, mental health and social engagement [11] , and decreasing frailty [12] . Despite the known benefits of physical activity, less than half of older Australians meet the daily recommended minimum of 30 minutes of moderate-to-vigorousintensity physical activity (MVPA) in bouts of 10 minutes or more to achieve health benefits [13] . It appears that physical activity levels are even lower in residents of aged care facilities [14] . activity in older adults is predominately of low-intensity activity [16] , and it is anticipated that for residents in RAC, most activity will occur in low-intensity light activity. Intermittent bouts of light-intensity physical activity have been found to have positive health benefits in adults [17, 18] ; however, what precise dose of physical activity is sufficient for good health is yet to be determined in this population. Given what is known about the strong relationship between physical activity and health benefits, it is important to examine and promote physical activity within RAC facilities where low physical activity levels are prevalent [14] .
Within RAC, the majority of residents have one or more functional dependency such as requiring assistance with activities of daily living or ambulation. Not only does functional dependency affect the day-to-day life of residents, but it is also predictive of mortality [19] . However, evidence suggests physical function of older adults can be improved with physical activity and by reducing sedentary behaviour [20] . It is therefore important to measure functional performance of residents in RAC.
To date, there is limited evidence about the sedentary behaviour and physical activity levels of residents of aged care facilities. Of the studies that have been conducted, most have included residents with only mild cognitive impairment or without dementia [9, 14, 21] . This has limited generalisation to residents in aged care facilities who have dementia or more severe cognitive impairment. In addition, no study has investigated the relationship between physical function, sedentary behaviour and activity levels in RAC.
This study aimed to evaluate the levels of sedentary behaviour and physical activity in independently mobile aged care residents with and without dementia. A secondary aim was to determine whether there is a relationship between a resident's functional performance, their sedentary behaviour and physical activity level.
Methods
Design A cross-sectional descriptive study was conducted. Ethics approval was obtained from the Curtin University Human Ethics Research Committee (HREC 5237).
Participants
Residents aged 65 years and over who were independently mobile, defined as not requiring any supervision or physical assistance from another person, were recruited from three residential units within one RAC facility in Western Australia. Residents with and without dementia were eligible for the study. Those residents who were wheelchair bound or immobile, had excessive body shaking or agitation (a clinically based decision because excessive movement at rest could affect the accelerometer output) or were unable to comprehend mobility tasks or instructions were excluded. Ability to comprehend mobility tasks and instructions was determined when the resident was able to explain the specific details of the expected task back to the researcher on request.
Recruitment and consent
Curtin University had a pre-existing relationship with the RAC facility involved. Managers of each residential unit within the facility were provided with information about the project. Once residential unit managers had agreed to be involved, staff identified residents who met the inclusion criteria, including whether the resident had cognitive impairment (Psychogeriatric Assessment Scale score ≥ 4 [22] ) or a diagnosis of dementia.
Residents with a Psychogeriatric Assessment Scale score ≥4 or a diagnosis of dementia were deemed to not have capacity to consent. For those with capacity to consent, verbal and written information about the project was provided and written informed consent was obtained. For those without capacity to consent, informed consent was obtained from the resident's designated advocate and assent was obtained from the resident. Once enrolled in the study, participant characteristics and physical function, physical activity and sedentary behaviour data were collected.
Data collection

Participant characteristics
Participant characteristics collected included the following: (i) age; (ii) sex; (iii) health conditions; (iv) type; and (v) frequency of walking aid used.
Physical function
Physical function was assessed using the Short Physical Performance Battery (SPPB), a reliable and valid measure of lower extremity functional performance, which is highly predictive of subsequent onset of disability and mortality [23] . The test consists of three components of assessment: (i) standing balance; (ii) timed chair stand; and (iii) timed 2.5-metre walk test. All components performed are scored between 0 and 4. The sum of all three components amounts to a maximum score of 12 [23] . Lower scores on the SPPB are associated with self-reported disability. Scores 2-6 are classified as low physical function, 7-9 as medium physical function and 10-12 as high physical function [23] .
Sedentary behaviour and physical activity
Sedentary behaviour and physical activity were measured using the ActiGraph GT3X (ActiGraph) accelerometer, calibrated to capture activity in 60-second epochs. Accelerometers are sensitive to capturing lower intensity activity and sedentary time and can eliminate self-reporting bias, a limitation of self-reported measures. They are well accepted by people with dementia [24] and have been proven to be a valid, reliable and feasible tool for the investigation of physical activity and sedentary behaviour in older people [25] .
For this study, the accelerometer was worn during waking hours (aiming for ≥500 minutes of wear time per day), except during water-based activity, for five consecutive days [26] . Each morning, the accelerometer was fitted either by the care staff or by the investigator (M Chow) onto the right hip of participants with dementia or the right thigh of those without dementia [27] . The accelerometer was attached to the hip via an elastic belt for participants with dementia on the advice of the care staff at the RAC who felt that a device worn on the thigh would not be tolerated or could be removed by these participants. The investigator returned daily to ensure optimal fitting of the accelerometers.
Data processing
Data collected from the accelerometer were downloaded using the ActiLife 5.0 software (ActiLife Data Analysis Software). Activity count data were analysed with a custom program written in LabVIEW (version 8.6.1; National Instruments).
Activity counts per minute (cpm) cut points used in the analyses were as follows: (i) sedentary (<100 cpm); (ii) low (100-759 cpm); (iii) light (760-2019 cpm); and (iv) MVPA (≥2020 cpm) [21] . While some accelerometers were worn on the thigh, the same activity cut points for hip and thigh were used for all participants. This is because there are no validated activity cut points for thigh mounted accelerometers available for this population. Valid accelerometer wear times were accepted with a cut point of 500 minutes of wear time per day over five days [26] . Periods greater than 180 minutes with counts of zero were considered non-wear times during data processing. This length of time was chosen as pilot sampling indicated that participants were spending periods of more than 150 minutes in sitting.
Data analysis
Data were analysed using SPSS, version 24.0. Descriptive statistics were used to analyse participant characteristics, accelerometer data and SPPB scores. Spearman's rho (q) was used to determine the relationship between SPPB scores and physical activity levels and between SPPB scores and sedentary behaviour. A P-value <0.05 was considered statistically significant. Figure 1 presents the flow of participants through the study. Fifty-seven residents were approached to participate. Thirty-seven participants, with a mean AE standard deviation (SD) age of 83.8 AE 8.4 years, of which 11 were with a known diagnosis of dementia, were enrolled. Two of these 37 participants refused accelerometer fitting, and only those without dementia (n = 26) completed the SPPB test because participants with dementia in this study were not able to follow and comprehend the instructions of the SPPB. Participant characteristics are presented in Table 1 .
Results
Participant characteristics
Valid data
Of the 35 participants who wore accelerometers, seven did not meet the criteria for valid accelerometer data. Therefore, accelerometer data from 28 participants were analysed. The participant characteristics of these 28 participants were not significantly different from those of the total 37 participants who were enrolled. These 28 participants had a mean AE SD age of 83.1 AE 8.6 years, and 20 were female (71%). Eight (29%) had a formal diagnosis of dementia. All participants were of low or medium physical functioning level (Table 1 ).
Sedentary and physical activity time
Participants who met the criteria for valid accelerometer data (n = 28) wore the accelerometer for an average of 6.7 AE 1.1 days and a mean of 11.3 hours (679.8 AE 97.0 minutes) per day ( Table 2) . Mean time spent per day (waking hours) in sedentary behaviour was 85% of wear time (9.6 hours (578.7 AE 92.2 minutes)); 12% of wear time was in low physical activity (1.3 hours (78.1 AE 37.5 minutes)); 3% of wear time was in light physical activity (0.3 hours (17.7 AE 8.4 minutes)); and 1% of wear time was in MVPA (0.1 hours (5.4 AE 3.7 minutes)). Figure 2 presents the proportion of wear time in sedentary, low, light and MVPA bouts. The majority of participants' wear time was accumulated in prolonged sedentary bouts of greater than 30 minutes (55%). All physical activity performed was accumulated in bouts of <10 minutes. The majority of physical activity accumulated in bouts was in <5 minutes of low physical activity (10% of total wear time). Additionally, based on the time of day that the activities were recorded, the low-intensity physical activity appeared to occur in relation to self-care activities.
Sedentary behaviour time and physical activity accrual
Relationship between physical function and percentage time spent in different activities
There was no significant relationship between SPPB scores and percentage of time spent engaging in sedentary activities (Spearman's rho q = À0.17, P = 0.48), nor between SPPB scores and any low, light or moderate-to-vigorous physical activity (q = 0.13, P = 0.58; q = 0.27, P = 0.25; and q = 0.37, P = 0.11, respectively).
Discussion
In this study, residents (including people both with and without dementia) living in RAC facilities were found to be highly sedentary and to have low levels of physical activity. Sedentary activities were mostly performed in prolonged unbroken bouts, whereas the majority of physical activity was performed in bouts of five minutes or less. There was no significant relationship found between physical function and sedentary behaviour and all levels of physical activity.
More than half of participants' waking hours in this study were spent in prolonged uninterrupted sedentary bouts of 30 minutes or more. This finding is consistent with the findings of Reid et al. [9] where residents of aged care facilities were reported to have accumulated half of their sitting time in bouts of 30 minutes or more. This is an important finding as sedentary behaviour has been shown to lead to poor health and, more importantly, prolonged sedentary behaviour has been shown to cause an increased risk of metabolic disease and obesity in older people [7, 8] . Past studies have shown that reducing prolonged uninterrupted bouts of sedentary behaviour could lead to cardiometabolic benefits and improvements in physical function [20] . This suggests that reducing or breaking up the residents' prolonged sedentary time could bring about health benefits for residents living in RAC facilities and, in Overall SPPB score (mean (SD)) 5.2 AE 2.4 † 5.3 AE 2.1 ‡ Low physical function (2-6), n (%) 17 (46) 13 (65) Medium physical function (7-9), n (%) 9 (24) 7 (35) High physical function (10) (11) (12) , n (%) 0 (0) 0 (0) practice, may be more achievable than increasing the physical activity levels.
The percentage of time spent in sedentary behaviour is a key component in the current study. Percentage of time spent in sedentary behaviour was higher in this study than that reported in a UK study (79% of wear time compared to 85% in the current study) [21] . A possible reason for the difference in sedentary behaviour between the two studies may be due to the differences in facility-organised activities or differences in physical or mobility limitations of the residents in each facility.
Participants spent little time performing physical activities throughout the day. This reflects previous studies in the United Kingdom [21] and Australia [9] , where comparable findings using accelerometers with residents without dementia were reported. In the current study, most accumulated physical activity was of low intensity. While a total mean time of more than 1.5 hours of physical activity per day may seem reasonable in RAC, the intensity is not considered sufficient to maintain good physical health [8] . This highlights the need to increase meaningful physical activity at sufficient levels of intensity for residents to gain health benefits.
This study also showed that all physical activity was accumulated in short continuous bouts of <5 minutes that most likely corresponded to self-care activities and short walks between locations. A similar study by Barber et al. [21] supports this finding by revealing that more than half their residents were unable to perform more than 10 minutes of continuous physical activities in any intensity. However, sustained physical activity has been reported as being difficult to achieve for residents of aged care facilities [28] . Consequently, one possible way of encouraging increased physical activity is to aim for short bouts at higher intensities as this may be more achievable [20] . Further research needs to be done to explore strategies to best achieve this in RAC.
An interesting finding was that neither the large amount of time spent sedentary nor the low levels of physical activity recorded were associated with SPPB scores. This reflects recent work by English et al. [29] who reported that functional and walking ability alone did not explain the amount of time a person who had had a stroke spent sitting. These findings suggest that other factors may contribute to sedentary and physical activity behaviours.
The strength of this study is the recruitment of participants with dementia and residents with severe cognitive impairment, who have often been excluded in previous studies investigating physical activity in RAC [9, 21] . Nevertheless, it is acknowledged that there were few residents with dementia for whom complete data sets were achieved. However, their inclusion does provide a more complete picture of sedentary behaviour and physical activity in RAC while at the same time highlighting the challenges associated with this type of research. Number of days worn, mean AE SD (95% CI)
The small sample size limits both generalisation and subgroup analysis of participants. One of the reasons for the small sample size was the difficulty in recruiting participants. Some residents did not want to participate because of the perceived inconvenience of wearing the accelerometer. Additionally, several potential participants, the residents deemed not to have the capacity to consent, were excluded from the study as researchers were unable to contact their advocates for consent.
Activity cut points used in this study were developed for the younger adult population. While these cut points are widely adopted in many studies for older adults [21] , they may not be truly reflective of participants' activity intensity. The use of two different methods of wearing accelerators and the use of hip activity cut points for the thigh mounted accelerometers are acknowledged as limitations of this study. However, there is strong agreement in detecting sedentary time and physical activity between devices worn on the hip and thigh [30] . Additionally, using the accelerometers only during the day may underestimate the percentage of time spent in physical activity, particularly for those with dementia who were reported to often wander during the night. Further studies exploring 24-hour measures of activities in this population are needed.
Conclusion
Residents in aged care facilities record a high percentage of sedentary time, with most of these sedentary behaviours performed in prolonged continuous bouts. Furthermore, the low-intensity physical activity performed by the residents is likely to correspond only to self-care activities. Functional ability was not related to either sedentary behaviour or physical activity suggesting that other factors contribute to this situation. To improve health outcomes by decreasing sedentary time and increasing physical activity in RAC, clinicians and care staff might consider regularly interrupting residents' prolonged sedentary bouts with short bouts of physical activity. This better positions sedentary residents to transition to physical activity of higher intensities to meet the daily recommended physical activity levels in the future.
